ABSTRACT
INTRODUCTION
Immunocytochemistry is a powerful technique used for the localization of antigens either on cell surfaces or in intracellular organelles. Monoclonal antibodies having the properties of high affinity and specificity are regarded as ideal reagents for this purpose. Due to the complexity of immunostaining procedures, monoclonal antibodies are often first identified and selected based on screening assays such as enzymelinked immunosorbent assay (ELISA), Western blotting or radioimmunoassay and only later screened for reactivity in immunocytochemistry. This approach can fail to identify immunocytochemistry-usable antibodies or yield suboptimal reagents. To address this problem, an immunocytochemical protocol is needed that enables the prescreening of hundreds of hybridomas in an easy and convenient manner. Willingham and Pastan (7) have described the design and production of a chamber that created multiple small wells within a large tissue culture dish that enabled the screening of hundreds of hybridoma supernatants. Using a transient transfection approach, we achieved a second objective: building a screen that allows rapid identification of selective monoclonal antibodies by comparing mocktransfected cells with cells transfected with the gene of interest. Here, we report the development of an immunofluorescence assay (Table 1 ) using a standard 96-well plate format that enables us to rapidly screen hundreds of hybridomas to facilitate the initial identification of immunocytochemical-reactive antibodies. Measuring fluorescence signals allows detection of potentially antigen-specific antibodies reflected by an elevated numerical reading, thus reducing the need to microscopically scan wells that exhibit low readouts.
MATERIALS AND METHODS

Hybridoma Generation
Hybridomas to peroxisome proliferator-activated receptor gamma (PPAR γ) were produced from a BALB/c mouse (Charles River, Research Triangle Park, NC, USA) using a previously published protocol (2) . Immune spleen cells were fused with a murine myeloma cell line (P3X63Ag8.653) stably transfected with human Bcl-2 (K.E. Kilpatrick et al., unpublished).
Immunostaining of transfected cells
COS-7 cells cultured in 96-well plates were rinsed with phosphate-buffered saline (PBS) and fixed with 2% paraformaldehyde in PBS (200 µ L/well) for 20 min at room temperature. Following fixation, plates were washed with PBS (3 × 2 min). Cells were then permeabilized in the wells by incubating with increasing concentrations of ethanol (30%, 60%, 80% and 95% in PBS) for 1 min each. Nonspecific binding sites were blocked with 3% bovine serum albumin (BSA) in PBS for 2-3 h at room temperature. Hybridoma supernatants (100 µ L spiked with 50 µ L of 0.9% Triton ® X-100 in PBS), affinity-purified rabbit anti-PPAR γ antibody (0.1-1.0 µ g/mL), affinity-purified rabbit anti-adrenergic receptor antibody (0.1-1.0 µ g/mL) or a positive control antibody to proliferating cell nuclear antigen (PCNA, 1 µ g/mL; PharMingen, San Diego, CA, USA) diluted in antibody dilution buffer (ADB = 1% BSA and 0.3% Triton X-100 in PBS) were then added to wells. After 3 h at room temperature or overnight incubation at 4°C, cells were washed with PBST (PBS containing 0.3% Triton X-100, 3 ×5 min). Goat anti-rabbit or goat anti-mouse IgG conjugated with R-phycoerythrin (5 µ g/mL in ADB; Southern Biotech, Birmingham, AL, USA) was added for a 2-h incubation at room temperature. Plates were washed with PBST (3 ×5 min), and 50% glycerol in PBS (50 µ L/well) was added before measuring the fluorescence signal.
Fluorescence signal quantitation
Fluorescence signals were measured using a Titertek Fluoroskan II (ICN Biomedicals, Costa Mesa, CA, USA) equipped with 544 nM excitation/590 nM emission filters. Based on the ratio of fluorescence signals (PPAR γ -transfected cells:mock transfection), wells that exhibited elevated readings were further examined with an inverted fluorescence microscope.
Fluorescence microscopy
A Model DM-IRB inverted fluorescence microscope (Leica, Deerfield, IL, USA) equipped with a camera and a Wild MPS 48/52 photoautomat (Leica) was used to examine and record staining patterns of cells in wells that exhibited elevated fluorescence signals.
a See Figure 1 . instructions, using 20 ng of expression plasmid and 60 ng carrier plasmid per well. After 16 h, medium was changed to DMEM-10% FCS, and cells were grown for an additional 24 h. The expression plasmid for the murine PPAR γ was described previously (3).
RESULTS AND DISCUSSION
The screening procedure (Figure 1 ) was first developed and optimized using a rabbit polyclonal antibody against a peptide derived from the hinge region of PPAR γ and a monoclonal antibody that bound to proliferating cell nuclear antigen in immunocytochemistry. The latter was included to ensure that the selected protocol was optimal for epitope and nuclear morphology preservation. Several published fixation and permeabilization procedures for receptor localization (1,4-6) were evaluated as 
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well. The protocol described here is based on the procedure reported by Kainu et al. (1) for the localization of PPAR αin rat brain tissue sections, but it was further modified to include a membrane permeabilization step and the use of phycoerythrin-conjugated secondary antibody. The permeabilization step significantly increased the sharpness of nuclear staining and nuclear morphology. The phycoerythrin fluorophore with high fluorescence intensity was used because it is less susceptible to photobleaching than fluorescein, and it also resolved the background auto-fluorescence problem associated with tissue culture plates when using excitation/emission wavelengths suitable for fluorescein isothiocyanate (FITC). Figure 2 demonstrates that fluorescence readings of immunostained PPAR γ -transfected cells using a Titertek Fluoroskan II Plate Reader were antibody-dose dependent and sensitive to antibody concentrations as low as 0.1 µ g/mL. The ratio of fluorescence signals for transfected:mock-transfected cells was approximately 2-3. COS-7 cells express a low level of endogenous PPAR γ (unpublished observation), which was reflected by the fluorescence signal of mock-transfected cells as measured by the Fluorskan II ( Oin Figure 2) . However, no discrete staining pattern was observed when mock-transfected cells were microscopically examined ( Figure 3A) . Polyclonal PPAR γ antibody stained PPAR γ -transfected cells brightly in both the nuclei and cytoplasm ( Figure 3B ). An affinity-purified control antibody (rabbit anti-adrenergic receptor) did not stain mock-or PPAR γ -transfected cells ( Figure 3C ).
Hybridomas reactive with PPAR γ were generated using a previously published protocol (2 . Western blotting against recombinant PPAR γligand binding domain (the antigen used to generate hybridomas) further confirmed immunoreactivity and specificity of the monoclonal antibodies described here (data not shown). In summary, we have developed a simple, rapid 96-well format screening method for the identification of hybridomas that produce immunocytochemistry-grade antibodies. This method reduces tedious microscopic examination of individual samples, since only samples showing elevated signals by fluorescence plate reading need further examination and evaluation under a fluorescent microscope. The fluorescence ratio of transfected cells over mock-transfection has proven to be a reliable indicator of antibody specificity. Care must be taken to ensure that a similiar number of cells are plated in each well and that cells are still adhering on 96-well plates after the staining and washing procedures, as variation in cell number will affect the accuracy of the assay. A useful alternative for processing freshly seeded cells is to omit the washing steps before and after fixation and add a washing step after ethanol permeabilization. This modification reduces cell loss due to the washing procedures without affecting the staining pattern. The issue of sensitivity is an important concern for the development of any new immuno technique, because sensitivity will vary depending upon the dynamics of the assay, e.g., antibody, cell line, antigen concentration and antigen localization.
In practice, it is difficult to actually determine precisely the level of protein produced by the cells one is using for screening. However, we have successfully applied this procedure to a variety of transfected, infected and tumor cell lines, a hematopoietic cell line and human foreskin fibroblasts cells to identify both monoclonal and polyclonal antibodies reactive to 13 different antigens. These include members of the 7-transmembrane receptor family, a cell cycle protein and cytokine converting enzymes (unpublished data). The protocol has also proven useful for timecourse monitoring of target antigen expression in recombinant baculovirusinfected insect cells. Currently, we are further investigating the utility of the antibodies selected by the described
